Introduction
============

As a type of mesenchymal stromal cell, adipose-derived stem cells (ADSCs) are characterized by their ability to self-renew and differentiate into multiple cell lineages ([@b1-mmr-19-03-2189]). ADSCs are obtained from white or brown adipose tissue ([@b2-mmr-19-03-2189]). Advantages of ADSCs are that they are abundant, collection results in minimal morbidity, they may differentiate into multiple cell lineages, and can be transplanted safely and effectively ([@b3-mmr-19-03-2189]). It is generally accepted that adipose tissue contains multipotent progenitor cells ([@b4-mmr-19-03-2189]). In addition, it comprises a useful and clinically important cell population called the stromal vascular fraction (SVF). SVF may be used directly or cultured as ADSCs ([@b2-mmr-19-03-2189],[@b5-mmr-19-03-2189],[@b6-mmr-19-03-2189]). ADSCs are abundantly sourced and readily attained. SVF/ADSCs may be collected for clinical use by harvesting adipose tissue, digesting type I collagen enzymes, and removing red blood cells. ADSCs have been extensively applied in various clinical fields, including treatment for immune disorders, tissue degeneration and ischemic conditions, as well as soft tissue, craniofacial tissue and cardiovascular tissue regeneration ([@b2-mmr-19-03-2189],[@b7-mmr-19-03-2189]). Considering their clinical characteristics and high demand, maintaining ADSC viability during transit or prior to clinical application is a wide concern, and the present study focused on methods for preserving ADSCs.

The primary methods for *in vitro* storage include 4°C non-frozen preservation, −80°C cryopreservation and −196°C programmed cryopreservation in liquid nitrogen. Gonda *et al* ([@b8-mmr-19-03-2189]) demonstrated that adipocytes may be optimally preserved for viability by cooling to sub-zero temperatures in liquid nitrogen for 6 months with a set preservation protocol. Following long-term cryopreservation, the proliferation and multiple differentiation capacities of human ADSCs are not lost ([@b9-mmr-19-03-2189]). Matsumoto *et al* ([@b10-mmr-19-03-2189]) determined oil volume ratio, glycerol-3-phosphate dehydrogenase activity and cell-surface marker expression via scanning electron microscopy to assess the viability of ADSCs at room temperature (RT) and at 4°C. Furthermore, it was reported that adipose tissue should be stored promptly, as storage overnight at 4°C results in no evident loss or alteration in the biological properties or yield of ADSCs ([@b10-mmr-19-03-2189]). However, it has also been indicated that low temperatures may irreversibly damage the ADSC membrane ([@b11-mmr-19-03-2189],[@b12-mmr-19-03-2189]). In this regard, an appropriate protection medium should be adopted when freezing cells, such as dimethyl sulfoxide (DMSO). To mitigate this damage, Bunnell *et al* ([@b13-mmr-19-03-2189]) stored the cells in a specialized container. This allowed the temperature to be lowered at a rate of 1°C/min until −80°C was reached, and the cells were stored overnight. The following day, the cells were transferred to liquid nitrogen ([@b13-mmr-19-03-2189]). Thus far, the majority of studies have been concerned with the long-term preservation of stem cells. For stem cells intended for clinical application, the current methods of preservation are inadequate, as human ADSC transplantation requires higher standards of security, survival and proliferation ability. In addition to the temperature, the preservation medium is also of critical significance. Several reports have concluded that an environment that mimics that of the native cell, containing 0.9% NaCl, 5% glucose and albumin or human serum (HS), is the most appropriate for cell survival ([@b14-mmr-19-03-2189]). Other preservation media have also been studied, such as DMSO; however, the clinical use of DMSO causes diverse problems, including leukoencephalopathy, nausea, vomiting and potential renal function decrease ([@b15-mmr-19-03-2189]). Liu *et al* ([@b16-mmr-19-03-2189]) determined that 10--12.5% of human platelet-rich plasma (hPRP) resulted in the best outcome in bone formation tests, and involved injecting a mixture of ADSCs, hPRP and injectable tissue engineering bone into a nude mouse. As demonstrated by Shafaei *et al* ([@b17-mmr-19-03-2189]), HS creates a better micro-environment for cell survival than fetal bovine serum (FBS).

For the clinical application of ADSCs, short-term preservation is more crucial than other time frames. Thus, identifying a safer temperature, more suitable medium and appropriate time frame is of crucial importance. In the present study, the effect of different temperatures \[4°C and RT (\~26°C)\] and three types of preservation media (10% PRP, 10% HS and 0.9% normal saline) on ADSCs was tested to determine optimal time and storage conditions. Survival, proliferation and differentiation abilities of ADSCs were investigated under these various conditions.

Materials and methods
=====================

### Ethics statement

The protocol of the present study was approved by the Ethics Committee of The First Affiliated Hospital of Jinan University (Guangzhou, China). Informed consent was obtained from all subjects prior to the current study. The fat tissue used in the present study came from a 65-year-old woman and the blood used in the present study came from a 26-year-old woman.

### Preparation and activation of PRP

PRP was prepared following the method reported by Jalowiec *et al* ([@b18-mmr-19-03-2189]). In brief, blood samples from a 26-year-old man were collected in anti-agglutination tubes and centrifuged twice at 200 × g for 10 min and 400 × g for 15 min at RT to collect adequate platelets. The supernatant platelet-poor plasma was transferred to another tube and used as a diluent when necessary. Factoring in the PRP platelet concentration, which was counted in a Malassez counting chamber (EMD Millipore, Billerica, MA, USA), a minimum value of 800×10^9^/l, and a maximum value of 1,200×10^9^/l, was expected for the final PRP platelet concentration (the platelet concentration of PRP is \~5 times that of whole blood) ([@b19-mmr-19-03-2189]). A concentration of 862×10^9^/l PRP was attained. The product was activated with 10% calcium gluconate and subsequently stored at 4°C overnight. Prior to application, the product was centrifuged at 3,000 × g for 15 min (RT).

### Preparation of HS

HS was prepared following the method described by Freymann *et al* ([@b20-mmr-19-03-2189]). Blood samples from the same person were collected in dry blood collecting tubes. Once the blood had coagulated, the serum was isolated from the entire blood clot by centrifugation at 2,000 × g for 10 min at RT. The PRP and HS were stored at −20°C and thawed prior to application.

### Cell isolation and culture

Isolation and culture of ADSCs was partially performed using the standard protocols of Bura *et al* ([@b21-mmr-19-03-2189]) and Guo *et al* ([@b22-mmr-19-03-2189]). Permission and a signed consent to participate from the Institutional Review Board of Medical Science (Jinan University, Guangzhou, China) was obtained prior to the collection of 100 ml abdominal subcutaneous fat from a 65-year-old patient in November 2016. The adipose tissue was digested with 0.2% collagenase I (Biochrom GmbH, Berlin, Germany) for 30 min at 37°C, centrifuged for 10 min at 300 × g (RT) and filtered with a 100 µm mesh filter (neoLab Migge GmbH, Heidelberg, Germany). NaCl (0.3%) was used to remove the red blood cells prior to transfer of cells into culture medium including Dulbecco\'s Modified Eagle\'s Medium (DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal calf serum (Gibco; Thermo Fisher Scientific, Inc.), 1% 100 U/ml penicillin and 100 µg/ml streptomycin, and culture in 5% CO~2~ at 37°C. The culture medium was changed at 3 day intervals. Primary cells were cultured for \~10 days and defined as 'passage 0'. ADSCs of passage 2 which were cultured at culture medium and passaged twice, then prepared for subsequent experimentation.

### Cell phenotype identification

To characterize the phenotype of ADSCs, the surface markers were determined, using flow cytometry as previously described ([@b10-mmr-19-03-2189]). Briefly, ADSCs were incubated with Thy-1 cell surface antigen (CD90, catalog number: 561970), protein tyrosine phosphatase, receptor type C (CD45, catalog number: 555482), CD34 molecule (CD34, catalog number: 550761), integrin subunit β1 (CD29, catalog number: 557332), endoglin (CD105, catalog number: 561441), CD44 antigen (CD44, catalog number: 555478) and major histocompatibility complex, class II DR (HLA-DR, catalog number: 555812) antibodies (BD Biosciences, Franklin Lakes, NJ, USA) at 4°C for 30 min in the dark. Excess antibody was removed, cells were washed twice with PBS and 300 µl fixative solution was added. Flow cytometric analyses were performed with FlowJo version 7.6.1 (FlowJo LLC, Ashland, OR, USA).

### In vitro osteogenic differentiation

ADSCs were seeded onto 24-well plates at a density of 1×10^4^ cells/well. Following culture for 24 h in 10% FBS medium (Gibco; Thermo Fisher Scientific, Inc.) 37°C, cells were cultured in osteogenic differentiation medium at 37°C, composed of standard medium supplemented with FBS, penicillin-streptomycin, glutamine, ascorbate, β-glycerophosphate and dexamethasone (Cyagen Biosciences, Inc., Santa Clara, CA USA). During osteogenic induction, the medium was changed every three days. After 14 days of *in vitro* osteogenic induction, cells were washed twice with PBS and subsequently fixed with 10% neutral formaldehyde for 30 min at RT. Fixed cells were stained 4 min at 37°C with 0.1% alizarin red dye to visualize calcium deposition ([@b23-mmr-19-03-2189],[@b24-mmr-19-03-2189]). The stained plates were air-dried for 2 min and observed under a light microscope (magnification, ×100).

### In vitro adipogenic differentiation

ADSCs were seeded onto 24-well plates at a density of 1×10^4^ cells/well following culture for 24 h at 37°C in DMEM with 10% FBS. Cells were subsequently placed in adipogenic differentiation medium (Cyagen Biosciences, Inc.). During adipogenic differentiation, the medium was changed every three days. Following culture for 14 days, cells were washed with PBS and fixed with 10% neutral formaldehyde for 30 min at RT. Fixed cells were stained with 0.5% oil red O dye for 30 min at 37°C ([@b25-mmr-19-03-2189],[@b26-mmr-19-03-2189]). Cells were washed again in PBS and observed under a light microscope (magnification, ×100).

### Experimental groups

ADSCs were placed in six 15 ml tubes at 5×10^5^ cells/tube and were numbered 1--6. The following media were added to the tubes: i) 0.5 ml 0.9% NaCl, ii) 0.5 ml 10% HS, iii) 0.5 ml 10% PRP, iv) 0.5 ml 0.9% NaCl, v) 0.5 ml 10% HS and vi) 0.5 ml 10% PRP. Tubes 1--3 were stored at 4°C, while tubes 4--6 were stored at RT. Following a 2, 4 and 6 h culture, cell survival, apoptosis, proliferation and differentiation abilities were determined.

### Cell proliferation assay

Cell proliferation was assessed with a Cell Counting Kit-8 (CCK8) assay (Dojindo Molecular Technologies, Inc., Kumamoto, Japan). The optical density (OD) values obtained indirectly report on cell proliferation. ADSCs from each group were seeded onto 96-well plates at a density of 3×10^3^ cells/well (5 parallel wells were seeded for each group). The cells were cultured at 37°C for 24 h, rinsed with PBS and mixed with 10 µl CCK8 in 100 µl DMEM at 37°C until the medium turned orange. The absorbance of each well was detected by a microplate reader at a wavelength of 450 nm. The OD value was recorded, and the difference was analyzed using statistical methods ([@b22-mmr-19-03-2189]).

### Cell survival assay

Cell suspension (500 µl) from each group was placed into a flow tube. Propidium iodide (PI; 5 µl) was added to the flow tube with 5 µl Annexin V-FITC stain and mixed for 10 min in the dark at RT. The values of the side scatter, which represented the entire cell population, and the FL3 channel, which represented living cells, were recorded according to the detection of Annexin V-FITC/PI double staining cell apoptosis kit (KeyGEN) by flow cytometry. Data were analyzed with FlowJo version 7.6.1 (FlowJo LLC, Ashland, OR, USA).

### Semi-quantification of in vitro osteogenic differentiation

ADSCs from each group were seeded onto 96-well plates at a density of 3×10^3^ cells/well (5 parallel wells were seeded for each group) and maintained in osteogenic differentiation medium for 14 days. Cultivation procedures and alizarin red S dye staining was performed according to the protocol described above. In brief, the 96-well plates were decolored using 100 µl 10% hexadecylpyridinium chloride for 30 min at RT, and the OD value was detected with a microplate reader at a wavelength of 562 nm to perform a semi-quantitative analysis of osteogenic differentiation, as described previously ([@b27-mmr-19-03-2189],[@b28-mmr-19-03-2189]).

### Semi-quantification of in vitro adipogenic differentiation

ADSCs from each group were seeded onto 96-well plates at a density of 3×10^3^ cells/well (5 parallel wells were seeded for each group) and cultured in adipogenic differentiation medium, as described above, prior to observation under a light microscope. Cells in the 96-well plates were subsequently decolored with 100 µl 100% isopropanol for 60 min, and the OD value was detected using a microplate reader at a wavelength of 510 nm to semi-quantitatively analyze adipogenic differentiation ([@b26-mmr-19-03-2189]).

### RNA isolation and reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

Total RNA from each group was isolated using TRIzol reagent (Thermo Fisher Scientific, Inc.) according to the manufacturer\'s instructions. RNA concentration was determined using a spectrophotometer (Bio-Rad Laboratories, Inc., Hercules, CA, USA). RNAs with 260/280 ratios between 1.7 and 2.1 were used. cDNA was synthesized according to the protocol accompanying the PrimeScript^®^ RT Master Mix kit (Takara Biotechnology Co., Ltd., Beijing, China) using 500 ng total RNA, and the reaction conditions were 25°C for start, 37°C for 15 mins, 85°C for 5 sec and then resting at 4°C. The primers for each gene were designed using the PrimerBank ([@b29-mmr-19-03-2189]). RT-PCR was performed using 2 µl cDNA. PCR conditions were: 95°C for 30 sec for denaturation, 95°C for 5 sec (45 cycles) for amplification and at 60°C for 20 sec. The RNA analysis employed SYBR Green (Roche Diagnostics, Indianapolis, IN, USA). Data were quantified using the 2^−∆∆Cq^ method ([@b30-mmr-19-03-2189]) by normalizing the expression of the target genes to the housekeeping gene, GAPDH. The values were described as the expression of the target genes, including runt related transcription factor 2 (RUNX2), SRY-box 9 (SOX9) and sp7 transcription factor (osterix) for osteogenic differentiation, as well as fatty acid-binding protein 4 (FABP4), peroxisome-proliferator-activated receptor (PPAR)γ and CCAAT/enhancer-binding protein (CEBP)α for adipogenic differentiation. All primer sequences are listed in [Table I](#tI-mmr-19-03-2189){ref-type="table"}.

### Western blot analysis of osteocalcin and PPARγ

Following osteogenic and adipogenic differentiation, ADSCs from each group were lysed using radioimmunoprecipitation assay buffer (Dalian Meilun Biotechnology Co., Ltd., Dalian, China). Equal quantities of total protein (25 µg) from each group were separated by 12% SDS-PAGE (Beyotime Institute of Biotechnology, Shanghai, China). The proteins were subsequently transferred onto a polyvinylidene fluoride membrane. Membranes were blocked with 5% non-fat milk for 1 h at RT prior to incubation with mouse monoclonal anti-PPARγ (diluted with 5% BSA to 1:10,000, cat. no. 41928; Abcam, Cambridge, UK) and anti-osteocalcin antibodies (1:10,000, cat. no. 13421; Abcam), followed by incubation with goat-anti-mouse horseradish peroxidase-conjugated secondary antibody (Genetech Co., Ltd., Shanghai, China). The levels of osteocalcin and PPARγ were normalized to those of GAPDH (1:10,000, cat. no. 9482; Abcam). ImageJ version 2.0 software (National Institutes of Health, Bethesda, MD, USA) was used for densitometry.

### Statistical analysis

All values were reported as the mean ± standard error of the mean (n=5/group). Data were analyzed using Student\'s t-test or one-way analysis of variance followed by the standard Tukey test for post-hoc analysis using SPSS version 13.0 (SPSS, Inc., Chicago, IL, USA). P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Cell identification

ADSCs from P2 were spindle-shaped ([Fig. 1A](#f1-mmr-19-03-2189){ref-type="fig"}), and the differentiation identification results are presented in [Fig. 1B and C](#f1-mmr-19-03-2189){ref-type="fig"}. Cells differentiated in osteogenic or adipogenic medium were stained with alizarin red ([Fig. 1B](#f1-mmr-19-03-2189){ref-type="fig"}) or oil red O ([Fig. 1C](#f1-mmr-19-03-2189){ref-type="fig"}), which detected calcium salt or lipid droplets, respectively. The phenotype identification results ([Fig. 2A](#f2-mmr-19-03-2189){ref-type="fig"}) revealed that ADSCs were positive for CD44 ([Fig. 2B](#f2-mmr-19-03-2189){ref-type="fig"}), CD105 ([Fig. 2C](#f2-mmr-19-03-2189){ref-type="fig"}), CD29 ([Fig. 2D](#f2-mmr-19-03-2189){ref-type="fig"}), and CD90 ([Fig. 2E](#f2-mmr-19-03-2189){ref-type="fig"}), expressed low levels of CD45 ([Fig. 2F](#f2-mmr-19-03-2189){ref-type="fig"}), and were negative for CD34 ([Fig. 2G](#f2-mmr-19-03-2189){ref-type="fig"}) and HLA-DR ([Fig. 2H](#f2-mmr-19-03-2189){ref-type="fig"}).

### Cell proliferation is dependent on preservation temperature, duration and medium

The results of the CCK8 cell proliferation assay revealed that the proliferative ability of each group declined with time ([Fig. 3](#f3-mmr-19-03-2189){ref-type="fig"}). Cells in the same media when stored at 4°C had increased proliferation compared with the RT group ([Fig. 3A](#f3-mmr-19-03-2189){ref-type="fig"}). In addition, the data demonstrated that the 10% PRP and 10% HS groups had higher OD values compared with the 0.9% NaCl group ([Fig. 3B](#f3-mmr-19-03-2189){ref-type="fig"}); however, the difference between 10% PRP and 10% HS was not statistically significant. In addition, the storage of cells at 4°C in 10% PRP or 10% HS facilitated cell proliferation for up to 4 h. There was an obvious decline between 4 and 6 h, whereas the difference between 2 and 4 h was relatively similar ([Fig. 3C](#f3-mmr-19-03-2189){ref-type="fig"}). Therefore, cells should be used earlier than 4 h and stored at 4°C to maintain proliferative ability.

### Cell survival is dependent on preservation temperature, duration and medium

The survival rates of all groups declined with time ([Fig. 3D](#f3-mmr-19-03-2189){ref-type="fig"}). When comparing the two temperatures, 4°C improved ADSC preservation when stored in 0.9% NaCl, as evidenced by the higher survival rate ([Fig. 3E](#f3-mmr-19-03-2189){ref-type="fig"}). Furthermore, the data demonstrated that groups stored in 10% PRP and 10% HS had higher survival rates, compared with the 0.9% NaCl group ([Fig. 3F](#f3-mmr-19-03-2189){ref-type="fig"}). There was a common decline among ADSCs in different media at different times; however, ADSCs maintained a stable survival rate under 2 h. The survival rate of ADSCs stored at 4°C in 0.9% NaCl was 63.23% ([Fig. 4A](#f4-mmr-19-03-2189){ref-type="fig"}). ADSCs stored at 4°C in 10% HS had the best survival rate of 89.18% ([Fig. 4B](#f4-mmr-19-03-2189){ref-type="fig"}). ADSCs stored at 4°C in 10% PRP had the next highest survival rate of 80.81% ([Fig. 4C](#f4-mmr-19-03-2189){ref-type="fig"}), whereas the survival rate of ADSCs without treatment was 92.16% ([Fig. 4D](#f4-mmr-19-03-2189){ref-type="fig"}). In conclusion, to maintain a survival rate above 80%, ADSCs should be used within 2 h and stored for no longer than 4 h. These results demonstrated that 10% HS was the optimum medium.

### ADSC differentiation capacity decreases when stored at RT

The experimental results revealed that the osteogenic ([Fig. 5A](#f5-mmr-19-03-2189){ref-type="fig"}) and adipogenic ([Fig. 5B](#f5-mmr-19-03-2189){ref-type="fig"}) differentiation of cells stored at 4°C was more successful compared with the cells stored at RT. Thus, compared with RT, 4°C is a more suitable environment for the preservation of ADSCs (P\<0.05).

### ADSC differentiation capacity decreases over time

It was demonstrated that the osteogenic ([Fig. 6A](#f6-mmr-19-03-2189){ref-type="fig"}) and adipogenic ([Fig. 6B](#f6-mmr-19-03-2189){ref-type="fig"}) differentiation capacity of ADSCs decreased over time, and there were statistically significant differences between each group. It was concluded that ADSCs should be utilized as soon as possible.

### ADSC differentiation capacity decreases when stored in 0.9% NaCl

It was determined that 10% PRP and 10% HS were more optimal media for osteogenic and adipogenic differentiation, compared with 0.9% NaCl medium (P\<0.05; [Fig. 7A](#f7-mmr-19-03-2189){ref-type="fig"}). However, there was no statistically significant difference between the 10% PRP and 10% HS groups for adipogenic differentiation ([Fig. 7B](#f7-mmr-19-03-2189){ref-type="fig"}). To maintain a higher differentiation rate, 10% HS or 10% PRP should be used as the suspension media for the short-term preservation of ADSCs.

### Expression of osteogenic and adipogenic-associated genes is altered by ADSC preservation temperature, medium and duration

The differential expression of RUNX2, SOX9, osterix, FABP4, PPARγ, and CEBPα for different temperatures and over time are presented in [Fig. 8](#f8-mmr-19-03-2189){ref-type="fig"}. Similar trends were observed; the expression of genes associated with osteogenic and adipogenic differentiation was lower for cells stored at RT than for those stored at 4°C. Furthermore, the longer the cells were stored, the lower the osteogenic differentiation capacity. In terms of the preservation media, excluding osterix, there were no significant differences between the 10% PRP group and the 0.9% NaCl group. The expression of other genes was higher in the 10% PRP and 10% HS groups compared with the 0.9% NaCl group ([Fig. 8](#f8-mmr-19-03-2189){ref-type="fig"}).

### Osteocalcin and PPARγ protein expression is altered by ADSC preservation temperature, medium and duration

The protein expression of osteocalcin, which is involved in osteogenic differentiation, and PPARγ, which is involved in adipogenic differentiation, was detected by western blotting. ADSCs stored at 4°C exhibited an increased expression of osteocalcin and PPARγ compared with those stored at RT ([Fig. 9A and B](#f9-mmr-19-03-2189){ref-type="fig"}). With increasing time, the expression of osteocalcin and PPARγ decreased ([Fig. 9C and D](#f9-mmr-19-03-2189){ref-type="fig"}). It was also observed that the secretion of osteocalcin and PPARγ was higher in the 10% PRP and 10% HS groups, compared with the 0.9% NaCl group ([Fig. 9E and F](#f9-mmr-19-03-2189){ref-type="fig"}).

Discussion
==========

ADSCs are characterized by low immunogenicity and the adaptation of ADSCs to their environment provides a promising direction for future clinical applications ([@b31-mmr-19-03-2189]). Martinez-Gonzalez *et al* ([@b32-mmr-19-03-2189]), demonstrated that ADSCs protect the alveoli structure in patients with asthma by reducing the inflammation generated by neutrophil granulocytes, reducing IgE secretion and inhibiting lymphocyte infiltration. Additionally, Won *et al* ([@b33-mmr-19-03-2189]) revealed that local injection of ADSCs promoted hair growth.

Several procedures are involved in the clinical preparation of ADSCs, including isolation, cultivation, passage and preservation. Especially in the preservation period, if, for instance, a patient has an accident, such as a sudden increased blood pressure or other cases that might affect the success of the surgery, a viable environment should be found to preserve the ADSCs.

PPARγ directly activates genes involved in lipid synthesis ([@b34-mmr-19-03-2189]), and osteocalcin is a marker of osteogenic differentiation ([@b35-mmr-19-03-2189]). The expression of RUNX2, SOX9 and osterix was detected to determine the osteogenic differentiation capacity of ADSCs stored under various conditions. FABP4, PPARγ, and CEBPα expression was also detected to determine adipogenic differentiation capacity ([@b34-mmr-19-03-2189],[@b36-mmr-19-03-2189]--[@b39-mmr-19-03-2189]).

According to the results of the present study, it was concluded that, compared with RT, 4°C was suitable as an appropriate temperature for ADSC storage. ADSCs preserved at 4°C do not require cryoprotectant or a procedure for cell thawing, which avoids cryoprotectant toxicity and/or irreversible damage to the cell membrane ([@b11-mmr-19-03-2189]). The results of the present study suggest that, in addition to temperature, the preservation medium also served an important role in the cell microenvironment. PRP and HS are both derived from patients here, and NaCl is also present in the body, which makes it a safer choice.

PRP is obtained from the patient\'s whole blood by concentrating the blood to a high platelet concentration ([@b40-mmr-19-03-2189],[@b41-mmr-19-03-2189]). PRP contains numerous growth factors, including platelet-derived growth factor, transforming growth factor-β, vascular endothelial growth factor and epidermal growth factor, which are delivered when PRP is activated ([@b42-mmr-19-03-2189]--[@b44-mmr-19-03-2189]). The results of the present study demonstrated that PRP improved osteogenic and adipogenic differentiation, which can be used to the fullest advantage, if necessary. PRP has been safely used in numerous fields, including oral and maxillofacial surgery, soft tissue ulcers, as well as stubborn acne and scar treatment ([@b41-mmr-19-03-2189],[@b43-mmr-19-03-2189],[@b45-mmr-19-03-2189],[@b46-mmr-19-03-2189]). The appropriate concentration of PRP for optimum cell proliferation and osteogenic differentiation was determined to be 10 and 12.5% by Liu *et al* ([@b16-mmr-19-03-2189]).

HS is also obtained from the whole blood of patients, is safe for autologous use, and is abundantly available. Josh *et al* ([@b47-mmr-19-03-2189]) used HS instead of FBS in the DMEM to demonstrate that HS is a viable alternative to FBS. As with adipose tissue, HS can be easily collected. As with PRP, HS also contains numerous growth factors, nutritive substances and other active factors, such as immunoglobulins, which may have a comprehensive effect on stem cell culture ([@b48-mmr-19-03-2189]). For example, serum could provide nutrients needed for cell metabolism ([@b49-mmr-19-03-2189]). Kobayashi *et al* ([@b49-mmr-19-03-2189]) revealed that HS may be more optimal than FBS for human bone marrow growth.

In summary, 10% HS and 10% PRP improved ADSC preservation. Compared with 10% PRP, 10% HS may be more optimal. This may be since HS has characteristics that approximate more closely to the normal ADSC environment, and therefore is more suitable for ADSC activity. Activated PRP releases growth factors that rapidly stimulate ADSC growth, and this may be perceived as a potential cause of the results obtained in the cell proliferation assay where PRP appears to have a higher OD value ([Fig. 4B](#f4-mmr-19-03-2189){ref-type="fig"}). Over time, ADSCs in the 10% PRP group appeared to be too undernourished to maintain normal growth. Based on these results, 10% HS may be the best choice for the preservation of ADSCs. In addition, from the same quantity of whole blood, a larger quantity of HS is obtained compared with PRP, and the process of retrieving HS is more convenient than that of PRP, which reduces the risk of infection ([@b20-mmr-19-03-2189]). In conclusion, the storage of ADSCs at 4°C in 10% HS was recommended. Furthermore, ADSCs should be used in ≤4 h.

The survival rate and stability of ADSCs declined over time. Optimal preservation of ADSCs allows their function to be fully exerted upon their clinical use. ADSCs should be used in \<2 h, and no later than 4 h. If storage is required, 10% HS at 4°C should be used. No differences were obtained between individuals in each experiment (data not shown).

Several problems remain when extensively using ADSCs. Standardization is required in order to apply ADSCs more safely and rationally, and equipment involving the separation and culture of ADSCs in clinical use should be optimized.
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![ADSC differentiation identification. (A) Normal ADSCs from P2 were cultured in Dulbecco\'s modified Eagle\'s medium with 10% fetal bovine serum for 2 days. (B) ADSCs from P2 cultured in osteogenic differentiation medium for 14 days and observed by microscopy following alizarin red S staining. (C) ADSCs from P2 cultured in adipogenic differentiation medium for 14 days and observed by microscopy following oil red O staining. P2, passage 2; ADSC, adipose-derived stem cells.](MMR-19-03-2189-g00){#f1-mmr-19-03-2189}

![ADSC phenotype identification. (A) Phenotypes were identified by flow cytometry. (B) ADSCs were positive for CD44, (C) CD105, (D) CD29 and (E) CD90. (F) Low levels of CD45 were expressed, and ADSCs were negative for (G) CD34 and (H) HLA-DR. ADSC, adipose-derived stem cells; CD90, Thy-1 cell surface antigen; CD45, protein tyrosine phosphatase, receptor type C; CD34, CD34 molecule; CD29, integrin subunit β 1; CD105, endoglin; CD44, CD44 antigen; HLA-DR, major histocompatibility complex, class II DR.](MMR-19-03-2189-g01){#f2-mmr-19-03-2189}

![Comparison of ADSC proliferative ability when preserved in different conditions. ADSCs from different groups were observed following the addition of 10 µl cell counting kit 8 reagent, and the OD value was measured. (A) ADSC suspended in 0.9% NaCl were preserved at RT and 4°C for 2 h. (B) ADSCs suspended in three types of medium for 2 h at 4°C. (C) ADSCs suspended in 0.9% NaCl were preserved at 4°C for 2, 4 and 6 h. (D) Following the addition of 5 µl Annexin V-FITC/PI staining, ADSCs were analyzed and the SS and FL3 values were recorded, according to the detection of Annexin V-fluorescein isothiocyanate/PI. The survival rate of ADSCs suspended in 0.9% NaCl at 4°C for 2, 4 and 6 h is presented. (E) Survival rate ADSCs preserved at RT and 4°C in 0.9% NaCl for 6 h. (F) Survival rate of ADSCs suspended in three types of medium for 4 h at 4°C. \*P\<0.05. ADSCs, adipose-derived stem cells; OD, optical density; PI, propidium iodide; RT, temperature; HS, human serum; PRP, platelet-rich plasma.](MMR-19-03-2189-g02){#f3-mmr-19-03-2189}

![ADSC survival was determined by flow cytometry following preservation in 0.9% NaCl, 10% HS or 10% PRP for 2 h. (A) ADSCs preserved in 0.9% NaCl. (B) ADSCs preserved in 10% HS. (C) ADSCs preserved in 10% PRP. (D) Untreated ADSCs. \*P\<0.05. ADSCs, adipose-derived stem cells; HS, human serum; PRP, platelet-rich plasma; PI, propidium iodide.](MMR-19-03-2189-g03){#f4-mmr-19-03-2189}

![ADSCs from passage 2 were preserved in 0.9% NaCl at RT or 4°C for 2 h to investigate the effects of temperature on the osteogenic and adipogenic differentiation capabilities. (A) The OD values of alizarin red S and (B) oil red O staining were determined in order to measure the degree of osteogenic and adipogenic differentiation, respectively. \*P\<0.05. ADSCs, adipose-derived stem cells; RT, room temperature; OD, optical density.](MMR-19-03-2189-g04){#f5-mmr-19-03-2189}

![ADSCs from passage 2 were preserved in 0.9% NaCl at 4°C for 2, 4 and 6 h to investigate the effect of time on the osteogenic and adipogenic differentiation capabilities. (A) The OD values of alizarin red S and (B) oil red O staining were determined in order to measure the degree of osteogenic and adipogenic differentiation, respectively. \*P\<0.05. ADSCs, adipose-derived stem cells; OD, optical density.](MMR-19-03-2189-g05){#f6-mmr-19-03-2189}

![ADSCs from passage 2 were preserved in 0.9% NaCl, 10% HS and 10% PRP at 4°C for 2 h to investigate the effects of these media on the osteogenic and adipogenic differentiation capabilities. (A) The OD values of alizarin red S and (B) oil red O staining were determined in order to measure the degree of osteogenic and adipogenic differentiation, respectively. \*P\<0.05. ADSCs, adipose-derived stem cells; OD, optical density; HS, human serum; PRP, platelet-rich plasma.](MMR-19-03-2189-g06){#f7-mmr-19-03-2189}

![Expression of osteogenic and adipogenic-associated genes under different preservation conditions. Reverse transcription-quantitative polymerase chain reaction was performed to determine the gene expression levels of (A) osterix, (B) RUNX2, (C) SOX9, (D) FABP4, (E) PPARγ, and (F) CEBPα among the different groups. \*P\<0.05. HS, human serum; PRP, platelet-rich plasma; RT, room temperature; osterix, sp7 transcription factor; RUNX2, runt-related transcription factor 2; SOX9, SRY-box 9; FABP4, fatty acid-binding protein 4; PPARγ, peroxisome-proliferator-activated receptor γ; CEBPα, CCAAT/enhancer binding protein α.](MMR-19-03-2189-g07){#f8-mmr-19-03-2189}

![Expression of osteogenic and adipogenic-associated proteins under different preservation conditions. Western blot analysis of (A) osteocalcin and (B) PPARγ expression. (C) Densitometric analysis of osteocalcin and (D) protein expression in each condition. \*P\<0.05, \*\*P\<0.01. HS, human serum; PRP, platelet-rich plasma; RT, room temperature; PPARγ, peroxisome proliferator activated receptor γ.](MMR-19-03-2189-g08){#f9-mmr-19-03-2189}

###### 

Primer sequences used for reverse transcription-quantitative polymerase chain reaction.

  Gene      Forward (5′→3′)         Reverse (3′→5′)
  --------- ----------------------- ------------------------
  RUNX2     TGGCAGTCACATGGCAGATT    CTTGGGTGGGTGGAGGATTC
  SOX9      GAGGAAGTCGGTGAAGAACGG   CCCTCTCGCTTCAGGTCAG
  Osterix   GTAGGACTGTAGGACCGGA     GCCATAGTGAACTTCCTCCTCA
  FABP4     TGGGCCAGGAATTTGACGAA    GCGAACTTCAGTCCAGGTCA
  PPARγ     GCAAACCCCTATTCCATGCT    CCACGGAGCTGATCCCAAAG
  CEBPα     GACTAGGAGATTCCGGTGCC    GCATTGGAGCGGTGAGTTTG
  GAPDH     GCTAAGGCTGTGGGGAAAGT    TCAGCAGCAGCCTTCACTAC

RUNX2, runt-related transcription factor 2; SOX9, SRY-box 9; osterix, sp7 transcription factor; FABP4, fatty acid-binding protein 4; PPARγ, peroxisome-proliferator-activated receptor γ; CEBPα, CCAAT/enhancer binding protein α.
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